We herein report the case of an 81-year-old woman with midbrain infarction causing pupil-sparing oculomotor nerve palsy with ipsilateral cerebellar ataxia. The lesion was located at the rostral end of the decussation of the superior cerebellar peduncle touching the dorsal side, further caudal and dorsal to causal lesions of Claude's syndrome, which presented as oculomotor palsy and contralateral cerebellar ataxia. This is the third report of midbrain infarction causing partial oculomotor nerve palsy with ipsilateral cerebellar ataxia. It may be possible to establish this entity as a new syndrome following the accumulation of more cases.
Introduction
The oculomotor nucleus is located at the height of the superior colliculus close to the middle of the central gray region, with fiber bundles running ventrally passing through the red nucleus and exiting from the medial side of the cerebral peduncle (interpeduncular fossa). Because the intramedullary nerve fiber bundles spread out rostrocaudally and mediolaterally, small midbrain infarction can cause partial oculomotor nerve palsy.
Claude's syndrome (1) results in oculomotor palsy on the lesion side with cerebellar ataxia on the opposite side and possibly occurs due to the presence of lesions in the lower red nucleus, the crossing point for fibers from the oculomotor nerve and decussation of the superior cerebellar peduncle. Therefore, Claude's syndrome is also known as "lower red nucleus syndrome." However, Seo et al. (2) reported that, among six patients with Claude's syndrome, all lesions were caudal to the red nucleus, suggesting that the lesions responsible for Claude's syndrome affect the fibers between the decussation of the superior cerebellar peduncle and the red nucleus, not the lower red nucleus.
We experienced a patient with midbrain infarction causing pupil-sparing partial oculomotor nerve palsy with ipsilateral cerebellar ataxia. Two previous cases of partial oculomotor nerve palsy with ipsilateral cerebellar ataxia have been reported (3, 4) ; however, the relationship between the site of the lesion and the structure of the red nucleus and/or decussation of the superior cerebellar peduncle in these patients was unclear. In the present case, we used 3-Tesla magnetic resonance imaging (3T-MRI) to scan the midbrain in 1-mm slices and visualized the fibers of the decussation of the superior cerebellar peduncle on tractography. We herein discuss this case in the context of the relevant literature.
Case Report
An 81-year-old woman had been taking oral medication for hypertension since her 60's. She had no history of smoking. On the day of onset (day 1), dizziness appeared soon after the patient woke up, accompanied by double vision and difficulty in grasping objects, and she was referred to our hospital. Cranial magnetic resonance imaging (MRI) showed hyperintensity in the right side of the paramedian midbrain under diffusion-weighted imaging (DWI). Cerebral infarction was diagnosed, and she was admitted on day 2.
The patient's findings on admission were as follows: 
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height=140 cm, weight=43 kg (BMI 21.9), blood pressure= 144/80 mmHg, pulse=91 bpm (regular). In terms of neurological findings, she was lucid with no dysarthria. Right palpebral ptosis (right palpebral fissure, 4 mm; left palpebral fissure, 8 mm) was present, and there was mild exophoria and adduction failure (-3) of the right eye. The patient was incapable of performing eye convergence, although her vertical movement of the right eye was normal. The pupil diameter in both eyes was 3.5 mm, and her light reflex was normal. Ataxia of the right upper limbs and leg was evident, and she staggered when walking with a stick. Although she was capable of standing with her legs apart (approximately 25-cm stride length), she had difficulty standing with her legs together and was unable to stand on one leg. There was no muscle weakness, sensory disturbances or bladder or bowel dysfunction.
Regarding the test results obtained on admission, the patient's blood count and urinalysis findings were normal, as were biochemical tests, with the exception of a BUN level of 26 mg/dL, a T-Chol level of 249 mg/dL, a LDL-Chol level of 150 mg/dL, a fasting blood glucose level of 112 mg/dL, an HbA1c (NGSP) level of 6.4% and a BNP level of 18 pg/mL. Electrocardiography showed a sinus rhythm with signs of left ventricular hypertrophy. An ultrasound analysis of the cervical vessels revealed no abnormalities. Cranial MRI performed on days 1 and 4 showed hyperintensity in the right side of the paramedian midbrain under DWI (Fig. 1A) , T2 weighted imaging (Fig. 1B, C) and previous microbleeding in the left cerebellum. Meanwhile, magnetic resonance angiography (MRA) disclosed severe stenosis of the right posterior cerebral artery (Fig. 1D) . Ataxia of the right upper limbs was evident upon voluntary movement of the upper limbs (5), with mild truncal ataxia on stabilometry. On day 6, the patient was examined at the department of Ophthalmology, which identified palsy of the medial rectus (MR) and levator palpebrae superioris (LP) in the right eye, with the impossibility of convergence. On day 14, 3T-MRI was performed to scan the midbrain in 1-mm slices (Fig. 2) , and the fibers of the decussation of the superior cerebellar peduncle were visualized on tractography (6) in 3-mm slices (Fig. 3) . The rostral extremity of the lesion in the right side of the paramedian midbrain was at the height of the bottom of the red nucleus, located medially and dorsally to the red nucleus. The caudal extremity of the lesion was located at the rostral end of the decussation of the superior cerebellar peduncle touching the dorsal side.
With respect to the patient's post-admission course, oral aspirin and ozagrel sodium drops were administered. She was discharged on day 30, with the ability to walk home with a stick. On a follow-up visit to our outpatient department on day 50, only very little subjective LP palsy remained.
Discussion
Cases of partial oculomotor nerve palsy with ipsilateral cerebellar ataxia are extremely rare. To the best of our knowledge, there are only two previous reports of such pa- The authors proposed that the ipsilateral cerebellar ataxia may have been due to damage to the fibers before the crossing in the decussation of the superior cerebellar peduncle. In both of these cases (3, 4) , neither detailed diagnostic imaging of the extent of the lesion nor tractography were performed, and the positional relationship between the decussation of the superior cerebellar peduncle and the lesion was merely based on assumption.
Tractography is a method of visualizing (using a tensor analysis of DW images) the courses of nerve fibers running within the brain and can be used to clearly visualize the decussation of the superior cerebellar peduncle, which is difficult to achieve with regular MRI (6) . For the first time, using MR images of 1-mm slices and tractography of the midbrain, we clearly showed that the lesion in the present case was located at the rostral extremity of the decussation. The fibers originated from the dorsal side (cerebellar side) of the decussation, crossed the midline and ran toward the contralateral ventral side (red nucleus side). Therefore, such lesions located at the height of the rostral extremity of the decussation touching the dorsal side may damage the fibers before the crossing and thus induce ipsilateral cerebellar ataxia. Although this case involves only the third reported patient, this entity should perhaps be recognized as a new syndrome, despite its rarity.
Should the lesion extend further ventral or caudal, affecting a wide area of the decussation of the superior cerebellar peduncle, it may damage the fibers both before and after the crossing, thus causing bilateral cerebellar ataxia. In fact, such cases have previously been reported (7). MossutoAgatiello (7) reported five patients with unilateral lower midbrain infarction of the decussation of the brachium conjunctivum (caudal paramedian midbrain syndrome). Bilateral ataxia, prevalent on one side, was the most characteristic and most constant clinical feature, while eye movement disorders were nonspecific (7) .
In the present case, MRA revealed severe stenosis in the P1 region of the right cerebral artery, and the paramedian perforating arteries originating at this point were considered to be the responsible vessels (8) . However, the wide individual variation observed in the distribution of penetrating branches suggests that midbrain infarction may present with a wide variety of symptoms (9) .
This study is associated with several limitations. First, the patient's midbrain was small, and clearly visualizing the lesion was difficult. Second, observing the three-dimensional anatomical structure and courses of the nerve fiber bundles on superimposed MR images was also difficult. Third, it remains unconfirmed whether lesions touching the decussation of the superior cerebellar peduncle actually damage the fibers before the crossing. Finally, more cases must be accumulated in order to establish the entity causing partial oculomotor nerve palsy with ipsilateral cerebellar ataxia as a new syndrome.
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